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“Space Conditioning:  The Next Frontier,”
EPA 430-R-93-004, April 1993

“GeoExchange systems are the most 
energy-efficient, environmentally 
clean, and cost –effective space 
conditioning systems available.”
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USA

Ladislaus Rybach – Institute of Geophysics – Zurich Switzerland
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The earth is like a solar battery absorbing nearly half of the sun’s energy. 
The ground stays a relatively constant temperature through the seasons, 

providing a warm source in winter & a cool heat sink in summer.

4% absorbed 
by clouds.

17% reflected 
by clouds.

6% reflected 
by surface.

19% absorbed  by 
water vapor, dust

46% absorbed  
by ground

Space

Atmosphere

Earth

100%

U.S. Dept. of Energy
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Conventional Power Plant

Single output – electricity

Can burn many fuels

Waste heat rejected to 
atmosphere through cooling 
towers or body of water

Stack Losses and Waste 
Heat Rejected to 

Atmosphere (70%)

Conventional Power 
Plant

Fuel 
(100%)

Useful Energy 
(30%)

Electricity
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Combined Cycle Gas Turbine

Single output – electricity

Fuel generally limited to   
natural gas and oil

Waste heat rejected to 
atmosphere through cooling 
towers or body of water

Stack Losses and Waste 
Heat Rejected to 

Atmosphere (40-50%)

New Generation 
Combined Cycle 

Gas Turbine Power 
Plant

Fuel 
(100%)

Useful Energy 
(55-60%)

Electricity



Gas/Electric HVAC System

14.6 kWhThermal

1.6 kWhThermal
Power
Plant

Gas  13.1 kWhThermal 11.8 kWhThermal

1.1 kW
h T

0.5 kWh ELEC(fan power)

Generation and  
Transmission  
Losses
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Fan    0.5 kWh Thermal
Gas    9.5  kWh Thermal
Total 10.0  kWh Thermal

The natural gas system loses about 10% in the transmission process and another 10 to 20% at the 
furnace.  Electricity is also needed for the furnace fans.  The total required to deliver 10 kWh to the 
building is 14.6 from the source. This is an overall efficiency of 68% source to delivered.

Gas Furnace
80% Eff. 9.5 kWh Thermal

1.3 kWh
2.3 kWh

(Load)

(Source)
Fan

Furnace
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Air Source Heat Pump
Generating and 
Transmission Losses

17 kWhThermal Power Plant 5 kWhElec

12 kW
h T

Source

Conventional
Heat Pump 10 kWhThermal

Load

The required input energy to deliver 10 kWh of heat to a home using 
an air-source heat pump would be 17 kWh.  About 70% of the input 
energy is lost during the generation and transmission process of a 
typical fossil-fuel power plant.  The air-source heat pump will deliver 
a COP of 2 when defrost and auxiliary heat penalties are properly 
applied.
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Ground Source Heat Pump

9 kWh T Power Plant 2.7 kWh E

6.3
 kW

h T

Ground Source 
Heat Pump 
COP = 3.7

10 kWh T

GSHP require only 9 kWhT from the source to provide 10 kWhT
to the building since they can provide a COP of 3.7

Generation and Transmission 
Losses

Source Load

Ground Heat Exchanger
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Advanced Ground Source Heat Pump

6 kWh T
Natural Gas

Combined-Cycle
Power Plant

2.7 kWh E

3.3
 kW

h T

Ground Source 
Heat Pump 10 kWh T

Generation efficiency approaches 55% compared with 35% 
for a steam cycle alone.  GSHP require only 6 kWhT from the 
source to provide 10 kWhT to the building due to the 
increase in power plant efficiency.

Generation and 
Transmission Losses
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Assumptions

• Electric Generation and Transmission 
Losses for Conventional Power Plant -70%

• Air-Source Heat Pump COP = 2
• Ground Source Heat Pump COP = 3.7
• Natural Gas Transmission Losses – 10%
• Gas Furnace Losses – 10 to 20%

Reference: Steve Kavanaugh
“Outside the Loop”
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Costs of Air-Cooled Equipment 

• Costs due to comfort issues
• Maintenance costs
• Equipment replacement costs
• Costs due to efficiency loss of uncleaned 

coils                     
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Hidden Costs of Air-Cooled Equipment

• If a program of thorough coil cleaning is not 
adhered to on a regular basis, a 10 Ton air 
cooled system with a 10 EER efficiency rating 
quickly becomes a 7.5 ton system with a 7.5 
EER

• Yearly coil cleaning impacts the “bottom line”
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Heat Exchanger Efficiency 
California Energy Commission (1980’s)
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Low Cost Housing

• 3 Bed room
• 960 square feet
• Heating, Cooling and 

Water Heating 
averages $17/month 
at $0.07/kWh

• Conclusion – We’re 
running out of money 
to save!
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Total Electric GEO 
$265.90/Month
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Oklahoma State Capital  & Bore Field

Bore Field

Oklahoma State 
Capital
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Closed Loop System
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Bore Holes, Trench and Header
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Pre-fabricated Header Vault
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Interior of Pre-fabricated Vault
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Water Source Heat Pumps
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Retirement Center
Distributed Closed-Loop
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Greenhouses
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Integrated System
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Service Centers
Integrated System
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Open/Closed Loop Pond Systems
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Retrofit Apartment Complexes
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Townhouses
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Slinky Installation
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Two Office Buildings and Eight  Residences with 
Hybrid Ground HEX System
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Chinese Trade Center-
Hengdian
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Apartment Complex-Shanghai
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8th Army Korea
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Olympic Village
Beijing
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The Texas House

• Energy Conserving
• 4 Heat Pumps for 

Zone Control
• Vertical Heat 

Exchanger Field
• Very Proud Owner
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George’s Units

• Howard’s Design
• OSU Graduate of 

MET Department
• Personal 

Relationship 
(Howard and  #1)

• Recommended by 
#1 to Friends and 
Acquaintances
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ARNOLD HIGH SCHOOL
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ARNOLD HIGH SCHOOL
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Geothermal School Annual Energy 
Operating Costs Comparison

$0.73

$1.21 $1.18

0

0.2

0.4

0.6

0.8

1

1.2

Total Energy Cost per Square Foot
Arnold School A School B

D
ol

la
rs

* Arnold High - Closed-Loop Geothermal System (completed Aug, 2000)
* School A  - Gas Boiler/Chiller System (Updated w/ new equipment 1996)
* School B - Multiple Systems 

275,271 SF 228,678 SF 171,185 SF

Avg - 39% Savings
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System Design

• Open Loop
– Pump and dump
– Standing column
– Ponds/lakes (direct and indirect)

• Closed Loop
– Vertical
– Horizontal
– Hybrid

• Soil/Rock Thermal Testing
• Grouting
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In-situ Test System Schematic

Heater

Pump

Data Acquisition
System

Constant hot water source

Temperature In Temperature Out

Power Usage
volts

amps

Flow Sensor

Ground heat exchanger in place (grouted)
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Existing Resources for Designers

• Design Manuals
• Computer Software

– Residential
– Commercial

• Manufactures Training
• Conferences
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Technology Specialists
• HP Manufacturers
• Plastic Pipe
• Pumps
• Drilling
• Trenching
• Distribution
• Dealers 
• ESCOs
•Construction Management

Commercial :
• Building Owner
• School Board

Residential:
• Developers
• Owners

Electric Utility
• Incentives
• Rebates
• Demonstrations

IGSHPA
• Design Support
• Technical Assistance
• Specs and Standards
• Training and Certification

Architect

General Contractor

GHPC
• Market Development
• Lobbying

Engineering 
Firms (PE)

Commercial

Residential
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